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GeV 
3.7 X10" dps 
0.394 inch 


16X10" ergs 


16x10* 
1,000 g =2.205 lb 


.| 0.386 nCi/m* (mCi /km?*) 


1.6 X10 ergs 


-| 2.59 mCi /mit 


10—" curie = 2.22 dpm 


100 erg/z 
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directed the Secretary of Health, 
Education, and Welfare, to inten- 
sify Departmental activities in the 
field of radiological health. The 
Department was assigned respon- 
sibility within the Executive 
Branch for the collation, analysis, 
and interpretation of data on en- 
vironmental radiation levels such 
as natural background, radiogra- 
phy, medical and industrial uses of 
isotopes and X rays, and fallout. 
The Department delegated this 
responsibility to the Bureau of Ra- 
diological Health, Public Health 
Service. 

Radiological Health Data and 
Reports, a monthly publication of 
the Public Health Service, includes 
data and reports provided to the 
Bureau of Radiological Health by 
Federal agencies, State health de- 
partments, universities, and foreign 
governmental agencies. Pertinent 
original data and interpretive man- 
uscripts are invited from investi- 
gators. 

The Federal agencies listed below 
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Reports 


Radiation Doses to Children’s Thyroids from Iodine-131 in Milk 


Robert H. Neill and Paul B. Robinson ! 


Measurements of iodine-131 in milk taken since 1957 were used to esti- 
mate the average cumulative radiation doses to children born and living in 
selected U.S. cities. The cumulative doses were summed for a cohort (born 
in a particular year and city) from quarterly doses calculated by varying 
thyroid weight, uptake factor, and milk consumption, as a function of the 
age of the child and concentrations of iodine-131 in milk as a function of 
time and location. Average values of these variables were selected for each 
quarter. 

For a given concentration of iodine-131 in milk, the population receiv- 
ing the greatest dose are milk-drinking infants of 6 to 11 months of age. 
Considerable variation was found to exist in cumulative doses for children 
raised in different cities. Within a particular city, there is a large variation 
in thyroidal doses for children born in different years. 

The largest doses were 1,750 mrem and 1,625 mrem, received by children 
born in 1957 in St. Louis and Salt Lake City. At the time of the cessation 
of weapons testing in 1963, the average child of 6 years of age in four of 
the five U.S. cities where data are available had received man-made cumu- 
lative thyroidal doses greater than his cumulative natural dose. Because of 
the relative absence of iodine-131 in the environment for the past 4 years, 
the children of today whose cumulative fallout exposure exceed their natural 
background exposure are those born in 1957 in Cincinnati, Salt Lake City 
and St. Louis. From the results obtained from these three out of five cities 
for which data are available, it is apparent that children born in 1957 in 
Cincinnati, Salt Lake City, and St. Louis, and possibly in some other un- 
monitored areas of the United States, have cumulative thyroidal doses 
from iodine- 131 following atmospheric weapons tests greater than their 
cumulative natural background doses, but less than the cumulative dose at 
an annual dose rate equal to the Radiation Protection Guide (RPG) during 
the same period. 


This report estimates the cumulative thy- 
roidal radiation dose to children born after 1957 
from drinking fresh, whole milk containing 
iodine-131 from atmospheric weapons testing. 
Although iodine-131 was present in the en- 
vironment as early as 1945, 1957 was selected 


thyroid weights are the smallest, they are gen- 
erally considered to be the most radiosensitive, 
and their total exposure history can be defined. 

While the best method of estimating thy- 
roidal exposures to various subpopulations is 
by the measurement of radioiodine in the thy- 


for the study origin since it was the earliest 
year for which iodine—131 in milk was routinely 
measured. 

Children were selected for this study since 
they are major consumers of fresh milk, their 





1Mr. Neill is deputy chief, Office of Criteria and 
Standards, Bureau of Radiological Health and Mr. Robin- 
son was formerly staff officer, OCS, BRH, and is pres- 
ently a member of the technical staff at the Bell Tele- 
phone Laboratories. Holmdel, N.J. 
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roid, only limited data are available for either 
in vivo or in vitro studies (1-3). Consequently, 
an indirect method was used to calculate the 
iodine-131 dose to an average individual’s thy- 
roid via a one-compartment model. To do this, 
it is necessary to know the amount of iodine— 
131 ingested, the fraction that reaches the thy- 
roid, and the weight of the thyroid gland (4). 
The first is the product of the concentration of 


1 





the radionuclide in the milk and the amount of 
milk consumed. It is assumed that the sole 
source of iodine—-131 intake is fresh milk. Be- 
cause the biological parameters listed above 
change rapidly at early ages, the method of cal- 
culation considered these parameters as func- 
tions of age. 

Age-dependent thyroidal dose estimates using 
milk data were reported by Lewis as early as 
1959 (5). In this report, the cumulative dose 
for an average child in 60 U.S. cities was 
obtained by a retrospective cohort approach 
developed by a Division of Radiological Health 
Committee in 1964.2 Doses were estimated for 
each quarter year of a child’s life in conjunction 
with the appropriate milk consumption rate, 
organ weight, and uptake factor for that par- 
ticular age and the applicable concentrations of 
iodine-131 in milk at that time. The calculation 
was repeated using the appropriate concentra- 
tion of idoine-131 in milk to be found in the 
following quarter year, together with the bio- 
logical parameters associated with a child who 
is 3 months older. The quarterly doses, includ- 
ing the contribution from the second and third 
trimester of the gestation period, were then 
summed to obtain the cumulative dose. 


Model 


Although more sophisticated multicompart- 
ment models have been published in the past 
(6-7), a one-compartment model was selected 
since it has been used by the Federal Radiation 
Council (FRC) (811) and the International 
Commission on Radiological Protection (ICRP) 
(4). 

The following assumptions were made: 

(a) the sole source of iodine—-131 results from 
the ingestion of fresh, whole cow’s milk. The 
contribution from other foods was not evaluated 
due to the absence of routine measurements. 
Although Eisenbud (12) reported the presence 
of iodine—131 in the thyroid of a nonmilk-drink- 
ing individual in New York who consumed 
yogurt, and Bostrom (13) reported iodine-131 
in lettuce in Utah following an atmospheric 
weapons test in Nevada, these foods are not 





2 Weiss, E. S., S. P. Abrahams, A. H. Wolff, R. H. Neill, 
A. Berger, G. Gaffney, and C. E. Nelson. Doses from 
iodine-131 found in radioactive fallout, unpublished com- 
mittee report (1964). 
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considered to be major foodstuffs for children; 


(b) the radioiodine is uniformly distributed 
in the thyroid; 

(c) all beta-particle energy released in the 
thyroid is absorbed in the thyroid. Assuming a 
spherical shape for the thyroid, its radius at 
birth of 7 mm permits most of the energy of 
the beta particles whose range is 2 mm to be 
absorbed. This is less true for the fetal thyroid; 

(d) the contribution by gamma photons 
amounts to about 10 percent of the total dose 
and is included by weighting the energy re- 
leased per disintegration. Comparison with the 
Hine and Brownell expression for total dose 
(6) which considers the size of the thyroid for 
the gamma contribution, shows the dose in this 
paper to de 4 percent lower at birth and negli- 
gibly different at age 10; 


(e) the disappearance rate from the thyroid 
is composed of the radioactive decay and biologi- 
cal elimination ; 

(f) no adjustments for sex, health, race, eco- 
nomic status, geographical or other epidemio- 
logical factors need to be made in the model; 

(g) the relative biological effect (RBE) fac- 
tor is equal to 1; 

(h) milk samples obtained from the PHS 
Pasteurized Milk Network (PMN) and Raw 
Milk Network (RMN) are representative of the 
milk consumed at each of the stations; 

(i) the uptake of iodine-131 is instantane- 
ous; 

(j) the biological half-life is constant and 
equal to 138 days (4). Since the effective half- 
life is equal to the product of the biological half- 
life and the physical half-life divided by their 
sum, a considerable variation in biological half 
life will not markedly affect the effective half 
life of 7.6 days for iodine-131 used in the calcu- 
lation. For example, biological half-lives of 40 
days and 300 days shift the effective half life 
(and calculated doses) by —12 percent and 
+0.3 percent, respectively. 


Derivation of equations 


The equation for thyroidal dose due to a con- 
tinuous intake of P (»Ci/day) during a quarter 
year may be developed as follows: 
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For 0<t <90 days 


d (fq) _ 


P—X( f. 
dt (faq) 


Now f.q=0 at t=0 
Therefore, 


P 
foq = d (1 —e~*) 


For t>90 days 


d (f2q) - 
dt = A( foq) 


Now f.q =f.q(90) at t=90 days 
Therefore, 


(@r9° eat 1)e—* 


f P 
0G = 
2q r 


where 


f.4 =amount of iodine-131 in thyroid at time 
t(wCi); 
\ =effective decay constant (day~'); 
P =rate of radioiodine intake to thyroid 
(uwCi/day). 


c k 
p= [ D,dt and D,=~(fq) 
0 m 


where 


D=infinite dose from the exposure during a 
quarter (mrem); 

D,=dose rate (mrem/day); 

k =proportionality constant 

m=weight of thyroid (g) 


The total dose can then be expressed as the sum 
of both contributions of equations (1) and (2) as 


#e kP - 
D=— / —e-™ —_ (ed90 _ J = 
mJ, (1—« jdt + 1) x. dt 


where P = 10-* M’sf,. (uCi/day) 


- (S Ne x10" myo Mev) 
NO pCi sec-Ci dis 
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se (= x 10°* od Gee) ( rem 
MeV erg rad ) 


. (2 x 108 =\* (= mem) 
day quarter rem 


g-mrem “ “e) 


uCi-day quarter 


= 11.25 x10° 


Substituting the appropriate values, one obtains 


p= 0.01125M’st 
m 


where 


D=infinite dose from the exposure during a 
quarter (mrem) 
M’=concentration of iodine-131 in milk 
(pCi/liter) 
s=consumption of fresh milk (ml/day) 
m=weight of thyroid (g) 
»=fraction of ingested radioiodine reaching 
the thyroid. 


The cumulative thyroidal dose [D(T, @)] is 
the sum of the quarterly doses received by a 
child. Since the consumption (s), uptake factor 
(f,.) and mass of the thyroid (m) vary with 
the age of the child at the beginning of the study 
(6, quarter years) and the iodine concentration 
is a function of the time and location of the 
exposure, one can write 
*. 0.01125 M’(t, @)s(t, @)f.(t, 6) 


T, 6) = 
D(T, 4) ~ mit, 0) 


Since D, M’, s, fy and m are functions of age, 
the general form of the functions, G(t, @), could 
have been written as G(t+6). 

where T =total length of study period (quar- 
ter years) 

and t=time since study began quarter 
years). 

The products of s, f, and m™ are shown in 
table 1. It is of interest to note that the last 
column identifies 6- to 11-month-old children as 
the subpopulation that receives the greatest dose 
for a given iodine-131 concentration in milk 
although knowledge of possible differential 
radiosensitivity of the age groups would have 
to be considered in evaluation of the final radio- 
logical health significance of these relative 
numbers. : 





Table 1. 


Estimates of average values of milk consump- 


tion, thyroid uptake of iodine-131 and thyroid weight 
for specified age groups 


Consumption 
X uptake 


Milk con- 
sumption* 
(ml per 
Age group day) 


lodine-131 
thyroid 
uptake 

(fraction) 


Thyroid 
weight 
(grams) Thyroid 
weight 





Average Average Average Average 





2nd trimester . - 
3rd trimester. - - 


0-2 months - - - - 
3-5 months - -.- 
6-11 months - - - 


12-23 months - - 
24-35 months 
36-59 months - - 


5-9 years 
10-14 years - - - . 
15-19 years - --. 
20-29 years --_- 


Keon WN Nem | ¢ 
Seow Coe Swe «I 


sie BEB EE 


— 











30 years and 
over 


= 


17.5 


* At fetal ages, consumption figures are for mother. ; 
» Average portion of total milk consumption that is received from fresh, 
whole cow's milk 


Fraction of iodine-131 reaching the thyroid 


Uptake fractions by Evans (14) for the fetal 
thyroid are shown in table 1. Since the evidence 
(14) indicates that iodine-131 begins accumu- 
lating in the fetal thyroid at the beginning of 
the second trimester, the cumulative doses in- 
cluded this contribution. After birth, the uptake 
fraction was assumed to be 0.30 as reported by 
the Federal Radiation Council (11) and ICRP 
(4). Recent unpublished data* suggest that 
uptake fractions after birth are 0.20. While we 
have chosen to retain the published 0.30 figure 
in our calculations, the reader is advised that 
the results may be high by about 50 percent. 


Mass of the thyroid gland 


Prenatal thyroid weights shown in table 1 
were those reported by Evans (14). Postnatal 
values were taken from Kay, et al (15). Both 
are similar to weights reported by Mochizuki 
(16) for thyroids obtained in New York City. 
For the purpose of the study, the mass of the 
thyroid was assumed to vary exclusively with 
age. 

Eisenbud (17) and Beierwalters (18) have 
each reported fetal to maternal ratios of iodine- 


3 Personal communication, Henry N. Wellman, January 
24, 1967. 
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131 activity per gram of thyroid of 1.13 and 
1.16, respectively. In the former case, the 5- 
month fetus (representative of the second 
trimester) and in the latter, full term (repre- 
sentative of the third trimester). Using an up- 
take fraction of 0.30 and thyroid weight of 
15.6 g for the mother, the calculated uptake 
fractions are 0.0217 g and 0.0223 g, respec- 


tively. These compare quite well with those 


used in the calculations of 0.02 and 0.0228 frac- 
tion/g, respectively. 


Concentrations of iodine-131 in milk 


Monthly measurements of iodine—-131 in milk 
were started in June 1957 at five Raw Milk Net- 
work stations (RMN). The network was ex- 
panded to 9 stations in August 1958. Weekly 
measurements of iodine—131 concentrations in 
pasteurized milk are available from most of the 
63 stations comprising the Pasteurized Milk 
Network (PMN) from 1961 to the present. 
These data have been published each month in 
Radiological Health Data and Reports. Consid- 
ering the results of Robinson (19), it was as- 
sumed that concentrations obtained by the two 
networks are interchangeable and that they 
both reflect iodine-131 in milk being consumed 
in these cities. While the PMN samples are com- 
posited to reflect the average milk being con- 
sumed in a given city, the RMN is composited 
somewhat differently. 

Corrections were made for the decay of 
iodine-131 in milk by assuming a 2-day 
elapsed time between sample collection and con- 
sumption. The calculated doses were thus re- 
duced by 17 percent. In rural areas where there 
may be a time lag of only 1 to 2 days from pro- 
duction to consumption, the calculated estimates 
could be increased by 30 percent. 

Since there are no data on iodine-131 in milk 
prior to 1961 at 53 cities, the thyroidal esti- 
mates for children in those communities do not 
include any exposures prior to 1961. For ex- 
ample, the calculation of total cumulative dose 
to a child born in 1957 in Denver, Colo., does not 
include any exposures prior to 1961. 





4+ Division of Radiological Health. A pilot study of 
the average daily intake of milk among small children 
in a selected area of the United States, unpublished re- 
port (December 1962). 
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Milk consumption 


Consumption of fresh whole cow’s milk for 
children * (20) are shown in table 1. The aver- 
age annual consumption shown in table 1 for 
children up to the age of 15 is 820 ml/day. 
While this figure compares quite well with the 
average consumption of 800 ml/day reported in 
the National Consumer Beverage Survey for the 
winter of 1962 (21), the latter summarizes 
consumption for groups in 6-year increments 
which is not sufficiently detailed for this study. 


Results 


Unless otherwise specified, the term “dose” is 
always the cumulative radiation dose to the thy- 
roid from iodine-131. All of the cumulative 
doses reported in this study are thyroidal doses 
received by the average milk-drinking member 
of the identified subpopulation. While no state- 
ment can be made from our calculations about 
the maximum dose received by any individual, 
the FRC suggests that no individual is likely to 
receive a dose greater than three times the aver- 
age of a population (9). 

Figure 1 shows the thyroid dose to children 
born since 1957 where there is a continuous rec- 
ord of measurements of iodine-131 in milk. At 
all cities, there are clear-cut maxima occurring 
for children born in 1957. This resulted from 








£2 26 eee £8 t8 8 2S 








Figure 1. Total thyroid dose from iodine—131 in milk to 
children born since 1957, contrasted to the cumulative 
background dose and FRC guidelines 
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the atmospheric weapons tests conducted by the 
United States, the United Kingdom, and the 
Soviet Union during that year. While the cumu- 
lative doses for children born in January 1957 
do not include dose incurred during their second 
and third trimester in utero exposure and first 
6 months after birth, these doses are shown 
since they are the largest observed even with- 
out the previous 12-month exposure. A sec- 
ondary peak occurred in 1961 which reflects 
foreign nuclear testing during that year. After 
the cessation of atmospheric weapons testing 
with the subsequent implementation of the lim- 
ited test ban treaty, atmospheric iodine—-131 
virtually disappeared in the spring of 1963 ex- 
cept for a relatively small amount that has ap- 
peared since then. Although the curves are 
roughly parallel, one can note the considerable 
variation in the cumulative doses at different 
cities for a particular cohort (children born the 
same year). Among the 5 cities with iodine-131 
concentration records dating back to 1957, the 
greatest doses of 1750 mrem and 1625 mrem 
were received by children born in 1957 in St. 
Louis and Salt Lake City, respectively. Figures 
2 to 10 show the cumulative iodine-131 dose for 
children in 61 major cities born since 1957 by 
different geographical regions. The radiation 
dose estimates in all cases are given from the 
date of first data as indicated on the figures. 


Comparison to natural background 


There are a variety of ways in which the re- 
sults may be compared to doses from natural 
background, which can yield a variety of con- 
clusions. If one uses an annual natural back- 
ground dose of 100 mrem (9) to individuals 
in the population, the following observations 
can be made. 

By June 1966, a child born in January 1957 
would have received 950 mrem cumulative 
natural background since birth (figure 1). 
Thus, children born in 1957 in Cincinnati, Salt 
Lake City, and St. Louis, would have received 
man-made doses 1, 2, and 2 times the natural 
background, respectively, for these cities during 
these years. Children born in 1961 in St. Louis 
and Salt Lake City have received equally as 
much thyroidal exposure from man-made radia- 
tion as natural exposure during their first 514 
years of life through June 1966. 





At the time that the limited test ban treaty 
was implemented in 1963, children born in 1957 
had received 600 mrem natural exposure. The 
ratio of the man-made contribution to natural 
background for the average child born in 1957 
in the following 5 cities for which data are 
available would then have been St. Louis, 3, Salt 
Lake City, 3, Cincinnati, 2, New York City, 1, 
and Sacramento, 0.6. If one assumes that the re- 
sults for the 5 cities (for which 1957 data are 
available) are applicable to the entire United 
States, it means that in 1963 the average child 
of 6 years of age received man-made thyroidal 
doses from fallout greater than that which he 
had received from natural radioactivity up to 
that point in his life. No other known radio- 
nuclide from fallout has been found to produce 
radiation doses comparable to those received 
from natural background. 

In certain years, some man-made doses were 
much larger than those received from natural 
background. This fact is indicated by the 
abrupt changes in slope in the curves in figures 
1 to 10. 


Applicable guidance 


The Federal Radiation Council has estab- 
lished two types of guidelines for limiting radia- 
tion exposures to the general population. While 
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Figure 2. Cumulative iodine—131 dose for children born 
since 1957 in Region I, by quarter years 





Figure 3. Cumulative iodine—131 dose for children born 
since 1957 in Region II, by quarter years 
neither is particularly applicable for interpret- 
ing the doses calculated in this report, compari- 
sons have been made in the belief that they 
provide a meaningful background for interpre- 

tation. 


The first of these guidelines, termed Radia- 
tion Protection Guide (RPG) was published in 
May 1960 and is applicable to exposures result- 
ing from controllable sources (11). A specific 
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Figure 4. Cumulative iodine-131 dose for children born 
since 1957 in Region III, by quarter years 
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Figure 5. Cumulative iodine—-131 dose for children born 
since 1957 in Region IV, by quarter years 
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Figure 7. Cumulative iodine-131 dose for children born 
since 1957 in Region VI, by quarter years 


RPG for iodine-131 was published in Septem- 
ber 1961 (8). Although fallout has been ex- 
cluded from the category of controllable sources, 
the FRC subsequently indicated in May 1965 
that the RPG could be compared to annual doses 
from fallout for an indication of need to initiate 
more careful evaluation of fallout exposures 
(10). Despite the fact that our tabulations of 
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Figure 6. Cumulative iodine—-131 dose for children born 
since 1957 in Region V, by quarter years 
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Figure 8. Cumulative iodine—131 dose for children born 
since 1957 in Region VII, by quarter years 


results were based on cumulative exposures and 
not annual increments, one can reasonably use 
cumulative exposures as a basis of comparison. 
The FRC recommended that the RPG for the 
thyroid gland be 500 mrem per year when ap- 
plied to the average suitable samples of an 
exposed group in the general population (8). 
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Figure 9. Cumulative iodine—131 dose for children born 
since 1957 in Region VIII, by quarter years 


Table 2 expresses the cumulative RPG doses for 
children born in different cities in various years. 
The table was derived by noting the dose in 
figure 1 for a child born in a particular city for 
a given year and expressing that dose as a 
fraction of the cumulative RPG dose. For ex- 
ample, a child born in 1961 in Chicago has re- 
ceived 375 mrem cumulative dose up to June 
1966. He has lived for 514 years. Therefore, 
375 ~ (5.5 x 500) = 0.13. The appropriate 
value of 13 percent is shown in table 2 for a 
child born in Chicago in 1961. 


Table 2. Cumulative thyroid dose as of January 1967 
expressed as percent of cumulative RPG doses for 
children born in various years 





1957] 1958 1959 1960 1961) 1962) 1963) 1964 1965) 1966 


St. Louis - | 3 13 
Salt Lake City - : 5 
Cincinnati _-- 

Chicago- 

New York City - - - - - 

Atlanta _ _- sada 

Austin - 

Spokane___- 

Sacramento-_- 


oe ee ee 
| eecoocoooon 
| coowococoox 
| coomcocom 





* Milk data begins in 1958. : 


Table 2 shows that the man-made cumulative 
thyroidal doses in January 1967 are less than 
the cumulative RPG doses. The subpopulation 
identified in the table with the largest fractions 
are children born in 1957; at St. Louis, 40 per- 
cent, and at Salt Lake City, 30 percent. 
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Dore of Birth by Quorter Years 


Figure 10. Cumulative iodine—131 dose for children born 
since 1957 in Region IX, by quarter years 


If one were to retrospectively view the man- 
made doses at the time of the cessation of 
atmospheric weapons testing in 1963, larger 
factional values would be noted. 

The second guideline, termed a Protective Ac- 
tion Guide (PAG) was established by the FRC 
in 1964 as 10 mrems average projected doses 
to the thyroids of a suitable sample of a popu- 
lation which was considered to consist of chil- 
dren of approximately 1 year of age using milk 
from a reasonably homogeneous supply (11). 

Since these calculations sum the doses re- 
ceived over a span of years, they are not com- 
parable to the PAG which is based on an ex- 
posure occurring over a relatively short span 
of time. 


Conclusions 


In the absence of measured concentrations of 
iodine-131 in thyroids, it is believed that the 
approach of calculating thyroidal concentra- 
tions based on measurements of iodine—131 in 
milk is the best method available to identify and 
evaluate previous exposures to children; the 
subpopulation at greatest risk. 

When data are available on the distributions 
of the model parameters as a function of age, 
time, location, sex, etc., it is recommended that 
the calculation of doses to subpopulations on a 
basis other than average doses. This will pro- 
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duce tabulations subject to more meaningful 
interpretations by identifying the variation of 
dose within a given subpopulation. If iodine-131 
reappears in the environment, these calculations 
should be updated periodically. Similarly, the 
role of radioiodine in foods other than fresh 
milk for children needs to be more adequately 
determined. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, September 1968 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, it 
is the food item that is most useful as an indi- 
cator of the general population’s intake of radio- 
nuclide contaminants resulting from environ- 
mental releases. Fresh milk is consumed by a 
large segment of the population and contains 
several of the biologically important radio- 
nuclides that may be released to the environ- 
ment from nuclear activities. In addition, milk 
is produced and consumed on a regular basis, 
is convenient to handle and analyze, and sam- 
ples representative of general population con- 
sumption can be readily obtained. Therefore, 
milk sampling networks have been found to be 
an effective mechanism for obtaining informa- 
tion on current radionuclide concentrations and 
long term concentration trends. From such in- 
formation, public health agencies can determine 
the need for further investigation and/or cor- 
rective public health action. 

The Pasteurized Milk Network, sponsored by 
the Bureau of Radiological Health and the 
Bureau of Community Environment Manage- 
ment, U.S. Public Health Service, consists of 
63 sampling stations; 61 located in the United 
States, one in Puerto Rico, and one in the Canal 
Zone. Many of the State health departments 
have also initiated local milk surveillance pro- 
grams which provide more comprehensive cov- 
erage within the individual State. Data from 15 
of these State networks are reported routinely 
in Radiological Health Data and Reports. Addi- 
tional networks for the routine surveillance of 
radioactivity in milk in the Western Hemi- 
sphere and their sponsoring organizations are: 


Pan American Milk Sampling Program (Pan 


January 1969 


American Health Organization and U.S. 
Public Health Service)—5 sampling sta- 
tions 

Canadian Milk Network (Radiation Protec- 
tion Division, Canadian Department of Na- 
tional Health and Welfare)—16 sampling 
stations. 


The sampling locations that make up the net- 
works presently reporting in Radiological 
Health Data and Reports are shown in figure 1. 
Based on the similar purpose for these sampling 
activities, the present format integrates the 
complementary data that are routinely obtained 
by these several milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides occur- 
ring or formed as a result of nuclear fission 
become incorporated in milk (1). Most of the 
possible radiocontaminants are eliminated by 
the selective metabolism of the cow, which re- 
stricts gastrointestinal uptake and secretion 
into the milk. The five fission-product radio- 
nuclides which commonly occur in milk are 
strontium-89, strontium-90, iodine-131, ces- 
ium—137, and barium-140. A sixth radionuclide, 
potassium—40, occurs naturally in 0.0118 per- 
cent abundance of the element potassium (2) 
resulting in a specific activity for potassium—40 
of 830 pCi/g total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior of 
metabolically similar radionuclides (radiostron- 
tium and radiocesium, respectively). The con- 
tents of both of these elements in milk have 
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Figure 1. Milk sampling networks in the Western Hemisphere reported in Radiological Health Data and Reports 
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been measured extensively and are relatively 
constant. As a result of a study made of the 
PHS Pasteurized Milk Network (PMN) results 
for calcium content in milk for the period, May 
1963—March 1966, an average value for the 
PMN and its 2-standard deviation, 1.16 + 0.08 
g/liter, was developed as an appropriate cal- 
cium content in milk for use in general radi- 
ological health calculations or discussions (3). 
As a result of a parallel study, an average value 
for the PMN, 1.51 + 0.21 g/liter, for potassium 
content in milk was developed (3). 


Accuracy of data from various milk networks 


In order to combine data from the interna- 
tional, national, and State networks considered 
in this report, it was first necessary to deter- 
mine the accuracy with which each laboratory 
is making its determinations and the agreement 
of the measurements among the laboratories. 
The Analytical Quality Control Service of the 
Bureau of Radiological Health conducts periodic 
studies to assess the accuracy of determinations 
of radionuclides in milk performed by inter- 
ested public health radiochemical laboratories. 
The generalized procedure for making such a 
study has been outlined in the literature (4). 


The most recent study was conducted in the 
spring of 1967, with 40 laboratories participat- 
ing in an experiment on milk samples con- 
taining known concentrations of strontium—90, 
iodine-131 and cesium-137. Of the 19 labora- 
tories producing data for the networks report- 
ing in Radiological Health Data and Reports, 
18 of these laboratories participated in the 
experiment. 


In the majority of cases, the results for the 
laboratories fell within the 3-standard devia- 
tion limits considered appropriate for the vari- 
ous analyses. Several results were outside the 
3-standard deviation limits and the most devi- 
ant of these represented biases from the ex- 
pected values of 20-30 percent (5). 

Keeping these possible differences in mind, 
integration of the data from the various net- 
works can be undertaken without introducing 
a serious error due to disagreement among the 
independently obtained data. 
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Development of a common reporting basis 


Since the various networks collect and an- 
alyze samples differently, a complete under- 
standing of several parameters is useful for 
interpreting the data. Therefore, the various 
milk surveillance networks that report regu- 
larly were surveyed for information on analyti- 
cal methodologies, sampling and analysis fre- 
quencies, and estimated analytical errors 
associated with the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium—40, 
iodine-131, cesium-—137, and barium-—140) are 
determined by gamma-ray spectroscopy on the 
whole milk. Each laboratory has its own modi- 
fications and refinements of these basic method- 
ologies. The methods used by each of the net- 
works have been referenced in earlier reports 
appearing in Radiological Health Data and 
Reports. 

A recent article (6) summarized the criteria 
used by the State networks in setting up their 
milk sampling activities and their sample col- 
lection procedures as determined during a 1965 
survey. This reference and earlier data articles 
for the particular network of interest may be 
consulted should events require a more defini- 
tive analysis of milk production and milk con- 
sumption coverage afforded by a specific net- 
work. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples for 
one analysis, while others carry out their an- 
alyses more often than once a month. The fre- 
quency of collection and analysis not only varies 
among the networks, but also at different sta- 
tions within some of the networks. In addition, 
the frequency of collection and analysis is a 
function of current environmental levels. The 
number of samples analyzed at a particular 
sampling station under current conditions will 
be reflected in the data presentation. While this 
may appear to complicate comparisons of data, 
current levels for strontium—90 and cesium-137 
are relatively stable over the time periods in- 
volved and sampling frequency is not critical. 
For the case of the short-lived radionuclides, 
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particularly iodine-131, the frequency of analy- 
sis is critical, and is generally increased at the 
first measurement or recognition of a new influx 
of the radionuclide. 

Also refiected in the data presentation will 
be whether raw or pasteurized milk was col- 
lected. A recent analysis (7) of raw and pas- 
teurized milk samples collected during the 
period, January 1964 to June 1966, indicated 
that for relatively similar milkshed or sampling 
areas, the differences in concentration of radio- 
nuclides in raw and pasteurized milk are not 
statistically significant. Particular attention 
was paid to strontium-90 and cesium-137 in 
that analysis. 

Practical reporting levels were developed by 
the participating networks, most often based on 
2-standard deviation counting errors or 2-stand- 
ard deviation total analytical errors from repli- 
cate analyses experiments (3). The practical 
reporting level reflects additional factors other 
than radioactivity counting variations such as 
sample preparation, counting errors not inher- 
ent in the minimum detectable activity, and 
chemical yield variations, it will be used as a 
practical basis for reporting data. 

The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal 
to or less than the given value. 


Practical reporting level 


Radionuclide (pCi/liter) 








Strontium-89 
Strontium-—90 
Iodine-131 
Cesium-137 
Barium-140 


However, those networks whose practical re- 
porting levels were given as greater than those 
above will use their reported values, in order 
that only data considered by the network as 
meaningful will be presented. The practical re- 
porting levels apply to the handling of indi- 
vidual sample determinations. The treatment of 
measurements equal to or below these practical 
reporting levels for calculation purposes, par- 
ticularly in calculating monthly averages, is dis- 
cussed in the data presentation. 
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Analytical errors of precision expressed as 
pCi/liter or percent in a given concentration 
range have also been reported by the networks 
(3). The precision errors reported for each of 
the radionuclides would fall in the following 
ranges: 


Analytical errors of precision 


Radionuclide 2-standard deviations 








Strontium-89_.1-5 pCi/liter for levels <50 
pCi/liter ; 

5-10% for levels >50 pCi/liter 

Strontium-90_._ 1-2 pCi/liter for levels <20 
pCi/liter ; 

4-10% for levels >20 pCi/liter 

Iodine-131___. 4-10 pCi/liter for levels <100 
pCi/liter ; 

6-10% for levels >100 pCi/liter 

Cesium-137__. 4-10 pCi/liter for levels <100 
pCi/liter ; 

4-10% for levels >100 pCi/liter 

Bariym-140__. 5-10 pCi/liter at levels <100 
pCi/liter ; 

6-10% for levels >100 pCi/liter 


For iodine-131, cesium—137, and barium-140, 
there is one exception for these precision error 
ranges: which is the 25 pCi/liter at levels < 100 
pCi/liter for Colorado. The larger Colorado vari- 
ation at low levels is a result of the counting 
time and sample volume presently considered 
practical for evaluation of Colorado milk sup- 
plies. This is also reflected in the practical re- 
porting level for that network. 


Federal Radiation Council guidance applicable 
to milk surveillance 


In order to place the U.S. data on radioactiv- 
ity in milk presented in Radiological Health 
Data and Reports in perspective, a summary of 
the guidance provided by the Federal Radiation 
Council for specific environmental conditions is 
presented below. The function of the Council is 
to provide guidance for the use of Federal agen- 
cies in the formulation of radiation standards. 


Radiation Protection Guides (8,9) 


The Radiation Protection Guide (RPG) has 
been defined by the Federal Radiation Council 
(FRC) as the radiation dose which should not 
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be exceeded without careful consideration of 
the reasons for doing so; every effort should be 
made to encourage the maintenance of radiation 
doses as far below this guide as practical. An 
RPG provides radiation protection guidance for 
the control and regulation of normal peacetime 
uses of nuclear technology in which control is 
exercised primarily at the source through the 
design and use of nuclear material. It represents 
a balance between the possible risk to the gen- 
eral public that might result from: exposures 
from routine uses of ionizing radiation and the 
benefits from the activities causing the exposure. 
For the purpose of evaluating population ex- 
posure, the daily intake of radionuclides by ex- 
posed population groups, averaged over a year, 
constitutes an appropriate criterion. However, 
in order to provide guidance to Federal agencies 
in developing appropriate control programs, the 
FRC described a graded approach involving 
three ranges of transient rates of daily intake 
as determined by surveillance, applicable to dif- 
ferent degrees of action as follows: 
Range I—periodic confirmatory surveillance 
as necessary, 
Range II—quantitative surveillance and rou- 
tine control, 
Range II1]—evaluation and application of ad- 
ditional control measures, as nec- 
essary. 


Table 1 presents a summary of guidelines and 
related information on environmental radiation 


Table 1. 


levels as set forth by the FRC for the conditions 
under which RPG’s are applicable. A more de- 
tailed discussion of these values was presented 
earlier (3). 

In the absence of specific dietary data one can 
use milk as the indicator food item for routine 
surveillance. Assuming a 1 liter per day intake 
of milk one can utilize the graded approach of 
daily intake on the basis of radionuclide con- 
tent in milk samples collected to represent gen- 
eral population consumption. Under these as- 
sumptions, the radionuclide concentrations in 
pCi/liter of milk can replace the daily radio- 
nuclide intake in pCi/day in the three graded 
ranges. 


Protective Action Guides (10,11) 


The Protective Action Guide (PAG) has been 
defined by the Council as the projected absorbed 
dose to individuals in the general population 
that warrants protective action following a con- 
taminating event. A PAG provides general 
guidance for the protection of the population 
against exposure by ingestion of contaminated 
foods resulting from the accidental release or 
the unforeseen dispersal of radioactive ma- 
terials in the environment. A PAG is also based 
on the assumption that such an occurrence is an 
unlikely event, and circumstances that might 
involve the probability of repetitive occurrences 
during a 1 or 2-year period in a particular 
area would require special consideration. Pro- 
tective actions are appropriate when the health 
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RPG for in- 
dividual in the 
Critical organ general | RPG 
population | 
| (rad /yr) 


Nuclide 


Bone 
Bone marrow 
Strontium-90_____ ___- Bone 
Bone marrow 
lodine-131 __-- 


..| Thyroid 
Cesium-1374_ P Whole body 


Strontium-89_- 


_ —_— 


Oooo 


® ® Suitable samples which represent the limiting conditions for this guidance are: 


Strontium-89, strontium—90—general population 
Iodine—131 —children 1 year of age 
Cesium-137 —infants 

» Based on an average intake of 1 liter of milk per day 


(rad /yr) 





Guidance for suitable samples of exposed population group* 


Corresponding con- 
tinuous daily intake 
petted 


Range II 
(pCi/day)» 


Range I 
= i/day)" 


Range III 
(pCi/day)> 


200-2 ,000 
20-200 


2 ,000-20 ,000 
200-2 ,000 


100-1 ,000 
3, 600-36 ,000 


10-100 
360-3 ,600 


¢ For strontium-—89 and strontium—90, the Council's a indicated that there is currently no operational requirement for an intake value as high as 
one corresponding to the RPG. Therefore, these intake values correspond to doses to the critical organ not greater than one-third the respective RPG 
4 The guides expressed here were not given in the FRC reports, but were calculated using appropropriate FRC recommendations. 
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benefits associated with the reduction in ex- 
posure to be achieved are sufficient to offset the 
undesirable features of the protective actions. 

FRC reports 5 and 7 set forth PAG’s for the 
thyroid, bone marrow, and whole body doses 
from ingestion of foods contaminated with 
radionuclides following an acute contaminating 
event. For the case of strontium-89, strontium— 
90, and cesium-137 contamination, the Council 
defined three categories of dietary pathways in 
which action may be required following an 
acute event. The one appropriate to the milk 
surveillance data is category I—transmission 
of radionuclides to man through the pasture- 
cow-milk pathway. 

In the case of iodine-131 contamination, the 
maximum concentration of iodine-131 observed 
in milk, which may occur 2 to 4 days following 
an acute incident, can be used to project doses 
for comparison to the PAG for the thyroid. For 
strontium-89, strontium—90, and cesium—137, 
the total dose to the critical organ resulting 
from contributions of all three of these radio- 
nuclides must be considered to determine 
whether the projected dose will exceed the rec- 
ommended PAG for the organ of interest (bone 
marrow or whole body). 

Table 2 presents a summary of guidelines as 
set forth by the FRC for the conditions under 
which PAG’s are applicable. Also given in table 
2 are milk concentrations for each of the radio- 
nuclides considered, in the absence of others, 


Table 2 


PAG for individuals 
in general population 


Radionuclide Critical organ 


(rads) 


Strontium-89 Bone marrow 


Strontium-90__ 


Bone marrow | 158.» 
Cesium-137 - 


Whole body 
Jodine-131_ “Thyroid 30— 


10 in first yr; total | 
dose not to exceed 


which if attained after an acute incident, would 
result in doses equivalent to the appropriate 
PAG. These concentrations are based on a pro- 
jection of the maximum concentration from an 
idealized model for any acute deposition and the 
pasture-cow-milk-man pathway, as well as an 
estimate of the intake prior to reaching the 
maximum concentration (10). Therefore, these 
maximum concentrations are intended for use 
in estimating future intake on the basis of a 
few early samples rather than in a retrospective 
manner. 


Format for data reporting 


Table 3 presents the integrated results of the 
international, national and State networks dis- 
cussed earlier. Column 1 lists all the stations 
which are routinely reported to Radiological 
Health Data and Reports. (The relationships 
between the PMN stations and State stations is 
shown in figure 2.) The first column under each 
of the radionuclides reported gives the monthly 
average for the station and the number of 
samples analyzed in that month in parentheses. 
When an individual sampling result is equal to 
or below the practical reporting level for the 
radionuclide, a value of zero is used for averag- 
ing. Monthly averages are calculated using the 
above convention. Averages which are equal to 
or less than the practical reporting levels reflect 
the presence of radioactivity in some of the 
individual samples greater than the practical 
reporting level. This procedure is required in 
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Category (pasture-cow-milk) 


Guidance for suitable sample, children 1 year of age 


Concentration at maxi- 
mum in milk for single 
nuclide that would result 
in PAG 
- i/liter) 


PAG (rads) 


3 in first yr; total dose 
not to exceed 5*.» 


— 


e The | sum of the projected doses of these three radionuclides to the bone marrow should be compared to the 


numerical value of the respective guide. 


otal dose from strontium-89 and cesium—137 is the same as dose in first year; total dose from strontium-90 
is 5 times strontium-90 dose in first year for children approximately 1 year of age. 


These values represent concentrations that would result in doses to the bone marrow or whole body equal to 


the PAG, if only the single radionuclide were present. 


is concentration would result in the PAG dose based on intake before and after the date of maximum con- 


centration observed in milk from an acute contaminating event. A maximum of 84,000 


pCi/liter would result in a 


PAG dose if that portion of intake prior to the maximum concentration in milk is not cortsidered. 
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order to have numerical monthly concentration 
estimates that reflect all samples with detectable 
radioactivity, particularly when average annual 
intakes are developed. 

If the occasion arises when an influx of new 
contamination occurs, particularly in the case 
of iodine-131, where sampling frequencies in- 
crease and/or the range of radionuclide concen- 
tration values for a month are significantly 
wider than the normal steady-state conditions, 
a column will be added after the appropriate 
monthly average reflecting the maximum value 
for that month. It is the transient maximum 
value of radionuclide concentrations resulting 
from an acute contaminating event to which the 
maximum concentrations in table 2 (derived 
from the FRC protective guides) can be com- 
pared. However, any protective action based on 
these concentrations being reached will take 
place immediately on the observance of the high 
concentrations. Should such cases occur, a more 
complete discussion of the events would be re- 
quired and will be provided. 

The second column under each of the radio- 
nuclides reported gives the 12-month average 
for the station as calculated from the preceding 
12-monthly averages, giving each monthly aver- 
age equal weight. Since the daily intake of 
radioactivity by exposed population groups, 
averaged over a year, constitutes an appropri- 
ate criterion for the case where the FRC radia- 
tion protection guides apply, the 12-month aver- 
age serves as a basis for comparison. 


Discussion of current data 


In table 3, surveillance results are given for 
strontium-90, iodine-131 and cesium-137 for 
September 1968 and the 12-month period, Octo- 
ber 1967—September 1968. Except where noted 
the monthly average represents a single sample 
for the sampling station. Strontium-89 and 
barium-140 data have been omitted from table 
3, since levels at the great majority of the sta- 
tions for September 1968 were below the re- 
spective practical reporting levels, with the ex- 
ception of those in table 4. 

Iodine-131 results are included in the table, 
even though they were generally below practical 
reporting levels. Because of the lower values 
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reflected by the radiation protection guidance 
provided by the Federal Radiation Council 
(table 1), levels in milk for this radionuclide 
are of particular public health interest. In gen- 
eral, the practical reporting level of iodine—131 
is numerically equal to the upper value of 
Range I (10 pCi/liter) of the FRC radiation 
protection guide. 

Strontium-90 monthly averages ranged from 
0 to 26 pCi/liter in the United States for the 
month of September 1968. The maximum 12- 
month average was 21 pCi/liter (Little Rock, 
Ark., New Orleans, La.), representing 9.5 per- 
cent of the Federal Radiation Council radiation 
protection guide (table 1). Cesium—137 monthly 
averages ranged from 0 to 205 pCi/liter in the 
United States for the month of September 1968 
and the maximum 12-month average was 110 
pCi/liter (Central Florida), representing 3.1 
percent of the value presented in this report 
using the recommendations given in the Fed- 
eral Radiation Council reports. Of particular 
interest are the consistently higher cesium—137 
levels that have been observed in Florida (12) 
and Jamaica. Iodine—131 monthly averages were 
generally below practical reporting levels, with 
the following exceptions: Hartford, Conn. 
(PMN)—3 pCi/liter, 4 samples; Portland, 
Maine (PMN)—3 pCi/liter, 5 samples; and 
Nashville, Tenn. (State)—4 pCi/liter, 3 sam- 
ples. 
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Table 3. Concentrations of radionuclides in milk for September 1968 and 12-month period, October 1967 through 
September 1968 





Radionuclide concentration 
(pCi /liter) 





Sampling location Type of | 
sample* Strontium-90 Iodine-131 Cesium-137 
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| | ' 

| Monthly 12-month Monthly 12-month Monthly | 12-month 
average> average average> average | average” average 
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See footnotes at end of table. 
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Table 3. Concentrations of radionuclides in milk for September 1968 and 12-month period, October 1967 through 
September 1968—Continued 





Radionuclide concentration 


(pCi/liter) 





Sampling location 
Strontium-90 Iodine-131 Cesium-137 





Monthly 12-month Monthly 12-month | Monthly | 12-month 
average” |_| average average” | average average” average 
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See footnotes at end of table. 
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Concentrations of radionuclides in milk for September 1968 and 12-month period, October 1967 through 
September 1968—Continued 


Radionuclide concentration 
(pCi/liter) 
Sampling location | , ee ee ee ae ee ee ee eee ee 


sample* Strontium-90 lodine-131 Cesium-137 
Monthly | 12-month Monthly 12-month Monthly | 12-month 
average” | average average” average average” average 


CANADA (Continued) 
Newfoundland: 


Nova Scotia: 
Ontario: 


Quebec: 


Saskatchewan: 


my PHRMA 
an anananene 








Columbia: 

Chile: Santiago 
Ecuador: Guayaquil 
Jamaica: Montego Bay 
Venezuela 

Canal Zone: 








~yuu'u'U'U 
une oor 


- 
_ N 
orcounon 





® P, pasteurized milk. 
R, raw mil 


b When an individual sampling result was equal to or less than the practical reporting level, a value of ‘‘0"’ was used for averaging. Monthly averages 
less than the practical reporting level reflect the fact that some but not all of the individual samples making up the average contained levels greater than the 
practical reporting level. When more than one analysis was made in a monthly period, the number of samples in the monthly average is given in parentheses. 
¢ PHS Pasteurized Milk Network station. All other sampling locations are part of the State or national network 
4 Radionuclide analysis not routinely performed. 
¢ The practical reporting levels for these networks differ from the general ones given in the text. Sampling results for these networks were equal to or 
less than A ws following practical reporting levels: 
Iodine-131: Colorado—25 pCi/liter Cesium-137: Colorado —25 pCi/liter 
Michigan—14 pCi/liter New York —20 pCi/liter 
Oregon —15 pCi/liter Oregon —15 pCi/liter 
Washington—15 pCi/liter 


Strontium-90: New York—3 pCi/liter 


NA, no analysis. 
NS, no sample collected. 


Table 4. Reported concentrations of strontium-89 and 
barium-140 in milk 





Strontium-89 Barium-140 





Sampling location 


| 
| | 

Monthly | Monthly 
| average | Sampling location average 
(pCi /liter) | (pCi /liter) 





Idaho: Idaho Falls Calif: ~y Norte 
(PMN) 5 (State 
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Cristobal (PMN) : North (State) -_- 
Columbia: Central_ 2 


Bogata (PAHO)_-_-_. Southeast. te 


Ecu 
Guayaquil (PAHO) -_- 
Jamaico: Montego 
Bay (PAHO) - 


Chile: 
Santiago (PAHO) __- 
or | 
| 








Nev: Las Vegas 
(PMN - 
S. Dak: Rapid City 
(PMN)... 


* Number in parentheses indicates number of samples. 
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Food and Diet Surveillance 


Efforts are being made by various Federal 
and State agencies to estimate the dietary intake 
of selected radionuclides on a continuing basis. 
These estimates along with the guidance devel- 
oped by the Federal Radiation Council, provides 
a basis for evaluating the significance of radio- 
activity in foods and diet. 


Program 


Period reported 


Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing esti- 
mates of nationwide dietary intakes of radio- 
nuclides. Programs most recently reported in 
Radiological Health Data and Reports and not 
covered in this issue are as follows: 


Last presented 





California Diet Study 
Connecticut Standard Diet 
Tri-City Diet, HASL 


July—October 1967 
January—June 1968 
April—December 1967 





May 1968 
November 1968 
June 1968 





1. Radionuclides in Institutional Diet Samples 
April-June 1968 


Bureau of Community Environment 
Management 


The determination of radionuclide concentra- 
tions in the diet constitutes an important ele- 
ment of an integrated program of environmen- 
tal radiological surveillance and assessment. In 
recognition of the potential significance of the 
diet in contributing to total environmental radi- 
ation exposures, the Public Health Service initi- 
ated its Institutional Diet Sampling Program in 
1961. This program is administered by the 
Bureau of Radiological Health with the assist- 
ance of the Bureau of Community Environment 
Management (1). 

The program was designed to provide esti- 
mates of the dietary intake of radionuclides in 
a selected population group ranging from chil- 
dren to young adults of school age. Initially, 
the program was conducted at eight institu- 
tions; as of January 1965, its scope had in- 
creased to boarding schools or institutions in 
50 municipalities. These institutions ranged 
from financially well-to-do boarding schools to 
orphanages with severe economic limitations. 

Subsequent experience with the diets of 
school children of various ages indicated that 
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the number of institutions sampled could be 
selectively reduced. As of July 1965, 21 basic 
institutions, and 8 auxiliary institutions, dis- 
tributed geographically as shown in figure 1, 
were being sampled. Previous results showed 
that the daily dietary intake of teenage girls 
and children from 9 to 12 years of age were 
comparable, while teenage boys consumed 20 
percent more food per day (1-2). Consequently, 
estimates for boys and/or girls can be calcu- 
lated on the basis of the dietary intakes of 
children. 

In general, the sampling procedure is the 
same at each institution. Each sample repre- 
sents the edible portion of the diet for a full 
7-day week (21 meals plus soft drinks, candy 
bars, or other in-between snacks), obtained by 
duplicating the meals of a different individual 
each day. Drinking water, not included in the 
samples, is also sampled periodically. Each daily 
sample is kept frozen until the end of the col- 
lection period and is then packed in dry ice 
and shipped by air express to either the South- 
western Radiological Health Laboratory, Las 
Vegas, Nev.; the Southeastern Radiological 
Health Laboratory, Montgomery, Ala.; or the 
Northeastern Radiological Health Laboratory, 
Winchester, Mass. A detailed description of 
sampling and analytical procedures was pre- 
sented earlier (2). 
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Figure 1. Instiutional diet sampling locations as of June 1968 


Results 


Table 1 presents the analytical results for 
institutional diet samples collected from April 
through June 1968, for children 9 to 12 years of 
age. The stable elements, calcium and potas- 
sium, are reported in g/kg of diet, and the 
radionuclide concentrations of these samples, 
reported in pCi/kg of diet, are corrected for 
radioactive decay to the midpoint of the sample 
collection period, where applicable. Dietary in- 
takes, in g/day or pCi/day, were obtained by 
multiplying the food consumption rate in kg/ 
day by the appropriate concentration values. 
The average food consumption rate during this 
period was 1.80 kg/day compared to the net- 
work average of 1.86 kg/day observed from 
1961 through 1967. 

Strontium-90 dietary intake during this 
period averaged 15 pCi/day. This result falls 
within Range I as defined by the Federal Radia- 
tion Council (4). Cesium—137 intakes averaged 
24 pCi/day during this period. Strontium-89, 
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barium-140, and iodine-131 concentrations 
were generally below detectable levels. 

All concentrations that are less than or equal 
to the appropriate minimum detectable level 
will be reported as zero. The minimum detect- 
able concentration is defined as the measured 
concentration equal to the 2-standard devia- 
tion analytical error. Accordingly, the mini- 
mum detectable limits are as follows: 


Strontium-89 
Strontium-90 
Iodine-131 
Cesium-137 
Barium-140 
Radium-—226 


5 pCi/kg 
2 pCi/kg 
10 pCi/kg 
10 pCi/kg 
10 pCi/kg 
0.1 pCi/kg 


Data from eight auxiliary stations is in- 
cluded in a separate table for general informa- 
tion. This is presented in table 2. These sta- 
tions do not meet the criterion that the majority 
of the samples are collected from children who 
range in age from 9 to 12 years. In order to 
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supplement the existing environmental moni- Recent coverage in Radiological Health Data and Re- 
toring networks of the Bureau of Radiological ” ~ 
Health, these eight institutions are being sam- October-December 1967 and 


pled in the same manner as the basic stations. Phnom my * ua et 


Issue 


Table 1. Concentrations and intake of stable elements and radionuclides in Institutional total diets of children 
(9-12 years of age), April-June 1968 
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for these nuclides in the table. The few exceptions are as follows: iodine-131 was ted in April for Ohio, 13 pCi/kg; barium-140 was reported in April 
for Ohio, 15 pCi/kg; and also reported in June for Delaware, 17 pCi/kg. ee ee _ . ” 
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Table 2. Concentrations and intake of stable elements and radionuclides in Institutional total diets of individuals 
(auxiliary stations) April-June 1968 
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Note: Since iodine-131, barium-140 and strontium—89 were not detected at most stations during the second quarter of 1968, no provision was made 
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SECTION II. WATER 


The Public Health Service, the Federal Water 
Pollution Control Administration and other 
Federal, State, and local agencies operate ex- 
tensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary 
importance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These standards, based on con- 


sideration of Federal Radiation Council (FRC) 
recommendations (2-4), set the limits for ap- 
proval of a drinking water supply containing 
radium-226 and strontium-90 as 3 pCi/liter 
and 10 pCi/liter, respectively. Limits may be 


Water sampling program 





California 

Colorado River Basin 
Florida 

Minnesota 

New York 


Radiostrontium in Tap Water, HASL 
Washington 
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Period reported 


set higher if the total intake of radioactivity 
from all sources remains within the guides rec- 
ommended by FRC for control action. In the 
known absence! of strontium-90 and alpha- 
particle emitters, the limit is 1,000 pCi/liter 
gross beta radioactivity, except when additional 
analysis indicates that concentrations of radio- 
nuclides are not likely to cause exposures 
greater than the limits indicated by the Radia- 
tion Protection Guides. Surveillance data from 
a number of Federal and State programs are 
published periodically to show current and long- 
range trends. Water sampling activities recently 
reported in Radiological Health Data and Re- 
ports are listed below. 





1 Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 
unidentified alpha-particle emitters and strontium-90, re- 


spectively. 


Last presented 





July—December 1967 
1967 

1965-1966 
July-December 1967 
June—December 1967 
January—June 1967 
July 1966—June 1967 





December 1968 
December 1968 
July 1968 
October 1968 
October 1968 
April 1968 
August 1968 
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Gross Radioactivity in Surface Waters of the United States, July 1968 


Division of Pollution Surveillance 


Federal Water Pollution Control Administration, Department of the Interior 


The monitoring of levels of radioactivity in 
surface waters of the United States was begun 
in 1957 as part of the Water Pollution Surveil- 
lance System currently operated by the Federal 
Water Pollution Control Administration. Table 
1 presents the current preliminary results of 
the alpha and beta radioanalyses. The radio- 
activity associated with dissolved solids pro- 
vides a rough indication of the levels which 
would occur in treated water, since nearly all 
suspended matter is removed by treatment 
processes. Strontium—90 results are reported 
semiannually. The stations on each river are 
arranged in the table according to their distance 
from the headwaters. Figure 1 indicates the 
average total beta radioactivity in suspended- 
plus-dissolved solids in raw water collected at 
each station. A description of the sampling and 
analytical procedures was published in the No- 


vember 1968 issue of Radiological Health Data 
and Reports. 

Complete data and exact sampling locations 
for 1958 through 1963 are published in annual 
compilations (1-6). Data for subsequent years 
are available on request. 

Special note is taken when the alpha radio- 
activity is 15 pCi/liter or greater or when the 
beta radioactivity is 150 pCi/liter or greater. 
These arbitrary levels provide a basis for the 
selection of certain data for comment. They 
reflect no public health significance as the Pub- 
lic Health Service drinking water standards 
have already provided the basis for this assess- 
ment. Changes from or toward these arbitrary 
levels are also noted in terms of changes in 
radioactivity per unit weight of solids. A dis- 
cussion of gross radioactivity per gram of solids 
for all stations of the Water Pollution Surveil- 
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Figure 1. Sampling locations and associated total beta radioactivity (pCi/liter) in surface waters, July 1968 


January 1969 





lance System for 1961 through 1965 has been 
presented (7). Comments are made only on 
monthly average values. Occasional high values 
from single weekly samples may be absorbed 
into a relatively low average. When these values 
are significantly high, comment will be made. 
During July 1968, the following stations 
showed values in excess of 15 pCi/liter on alpha 
radioactivity for either suspended or dissolved 
solids: Arkansas River, Coolidge, Kans.; North 
Platte River, Henry, Nebr.; South Platte River, 
Julesburg, Colo. Julesburg, Colo., on the South 
Platte River showed beta radioactivity for dis- 
solved solids in excess of 150 pCi/liter. No rea- 
son for this relatively high level is apparent, 
however, if river flows were unusually low, this 
level of radioactivity may be produced. The beta 


Table 1. 


dissolved radioactivity on the Columbia River 
at Pasco, Wash., is considerably below 150 pCi/ 
liter. This may be due to decreased reactor 
operations. 


(1) PUBLIC HEALTH SERVICE, DIVISION OF 
WATER SUPPLY AND POLLUTION CONTROL. 
National water quality network annual compilation of 
data, PHS Publication No. 663, 1958 Edition. Superin- 
tendent of Documents, U.S. Government Printing Of- 
fice, Washington, D.C. 20402. 

(2) Ibid., 1959 Edition. 

(3) Ibid., 1960 Edition. 

(4) Ibid., 1961 Edition. 

(5) Ibid., 1962 Edition. 

(6) PUBLIC HEALTH SERVICE, DIVISION OF 
WATER SUPPLY AND POLLUTION CONTROL. 
Water pollution surveillance system, annual compilation 
of data, PHS Publication No. 663 (Revised) , 1963 Edi- 
tion. Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402. 

(7) JULIAN, E. C. Gross radioactivity of the solids in 
selected surface waters of the United States, 1961- 
1965. Radiol Health Data Rep 9:1-15 (January 1968). 


Radioactivity in raw surface waters, July 1968 





Average alpha 
radioactivity 
(pCi /liter) 


Average beta 
radioactivity 
(pCi /liter) 

Station 


Sus- 


|pended | solved 


Animas River: 
Cedar Hill, N. Mex_____| 0 
Apalachicola River: 
Chattahoochee, Fla 
Arkansas River: 
Coolidge, Kans 
Ponca City, Okla 
Pendleton Ferry, Ark 
Atchafalaya River: 
Morgan City, La__- 
Big Horn River: 
Hardin, Mont 
Big Sioux River: 
Sioux Falls, S. Dak 
Chattahoochee River: 
Atlanta, Ga__- 
Columbus, Ga 
Clearwater River: 
Lewiston, Idaho_______- 
Clinch River: 
Kingston, Tenn*_____ _ _- 
Colorado River: 
Loma, 


Parker Dam, Calif-Ariz 
Columbia River: 

wueee, Wel’. ......<<. 

Clatskanie, Ore__- 
Connecticut River: 

* = 

Enfield Dam, Conn_- - 
Coosa River: 

Rome, Ga_ 
Cumberland River: 

Cheatham Lock, Tenn__-| 
Escambia River: 

Century, Fla | 
Great Lakes: | 

Duluth, Minn--.- - - 

Buffalo, N.Y 
Green River: | 

Dutch John, Utah---- | 
Hudson River: 

Poughkeepsie, N.Y - - 


| 


|| Platte 


Illinois River: 


Average alpha 
radioactivity 
(pCi /liter) 


Average beta 
radioactivity 
(pCi /liter) 
Station 


Sus- Dis- 
pended | solved 


Total Sus- Dis- | Total 


pended) solved 


| Merrimack River: 


Lowell, Mass-_---. 


| Mississippi River: 


St. Paul, Minn--- 

E. St. Louis, Ill. -----.- 
W. Memphis, Ark__. 
New Orleans, La- 


|| Missouri River: 


Williston, N. Dak 
Bismarck, N. Dak-__-___| 
St. Joseph, Mo____-__- | 
Missouri City, Mo--- 


| Monongahela River: 


Pittsburgh, Pa 


| North Platte River: 


Henry, Nebr 


| Ohio River: 


Cincinnati, Ohio-_. 
Cairo, Ill 


|| Pend Oreille River: 


Albeni Falls Dam, 

Idaho ~ 
River: 

Plattsmouth, Nebr-_-_ __| 


Potomac River: 


Washington, D.C____- 


| Rainy River: 


Baudette, Minn- 
Red River, North: 
Grand Forks, N. Dak_-| 


|| Red River, South 


Denison, Tex - - 


| Rio Grande: 


Laredo, Tex - 


| San Juan River: 


Shiprock, N. Mex- 
Savannah River: 
Port Wentworth, Ga* 


| South Platte River: 


Julesburg, Colo----- - 
Wabash River: 

New Harmony, Ind_.-.- 
Yellowstone River: 

Sidney, Mont. 


Peoria, Ill _ - 4 3 | 1} 
Kansas River: 
DeSoto, Kens------- --- | 
Klamath River: 


2 
Keno, Ore 0 


| Maximum. , ohn 21 


| ] 


| 
| 
| 
a. —=ts- Ue 
| R | 10 | Minimum... _--- 0} 


_ "Gross Leta radioactivity at this station may not be directly comparable to gross beta radioactivity at other stations because of the possible contribu- 
tion of radionuclides from an upstream nuclear facility in addition to the contribution from fallout and naturally occurring radionuclides. 


20 


9 


| 
| 


| 
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SECTION III. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental fis- 
sion product radioactivity. To date, this sur- 
veillance has been confined chiefly to gross 
beta radioanalysis. Although such data are in- 
sufficient to assess total human radiation ex- 
posure from fallout, they can be used to deter- 
mine when to modify monitoring in other 
phases of the environment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 
periodically to show current and long-range 
trends of atmospheric radioactivity in the West- 


Network 


HASL Fallout Network 
HASL 80th Meridian Network 


January 1969 


July—December 1967 
Calendar Year 1966 


ern Hemisphere. These include data from ac- 
tivities of the U.S. Public Health Service, the 
Canadian Department of National Health and 
Welfare, the Mexican Commission of Nuclear 
Energy, and the Pan American Health Organi- 
zation. 

An intercomparison of the above networks 
was performed by Lockhart and Patterson in 
1962 and is summarized in the January 1964 
issue of Radiological Health Data. In addition 
to those programs presented in this issue, the 
following programs were previously covered in 
Radiological Health Data and Reports: 


Period Issue 


September 1968 
December 1968 





1. Radiation Alert Network 
September 1968 


Bureau of Radiological Health 
U.S. Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 73 locations distributed throughout 
the country (figure 1). Most of the stations are 
operated by State health department personnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples at 
5 hours after collection, when most of the radon 
daughter products have decayed, and at 29 
hours after collection, when most of the thoron 
daughter products have decayed. They also per- 
form field estimates on dried precipitation 
samples and report all results to appropriate 
Bureau of Radiological Health officials by mail 


or telephone depending on levels found. A com- 
pilation of the daily field estimates is reported 
elsewhere on a monthly basis (1). A detailed 
description of the sampling and analytical pro- 
cedures was presented in the April 1968 issue 
of Radiological Health Data and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured by 
the field estimate technique, during September 
1968. Time profiles of gross beta radioactivity 
in air for eight Radiation Alert Network sta- 
tions are shown in figure 2. 

All field estimates reported were within nor- 
mal limits for the reporting station. 
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Figure 1. Radiation Alert Network sampling stations 
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Table 1. Gross beta radioactivity in surface air and precipitation, September 1968 


| 


| 
| Number | Air surveillance | 





| | Precipitation 





Last 
as , of gross beta radioactivity profile | Field estimation of deposition 
Station location samples (pCi/m) in |Number | Total | 
| 





RHD&R or depth | 
| samples (mm)| Number Depth Total 

of (mm) | deposition 

samples (nCi/m?) 





. . 
Air Maximum | Minimum Average*) 
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® The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
» Indicates no report received. (Air samples received without field estimate data are not considered by the data program.) 

¢ No precipitation sample collected. 

4 This station is part of the plutonium in precipitation network. No gross beta measurements are done. 

¢ Samples were collected but no field estimates were received. 
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Figure 2. Monthly and yearly profiles of beta radioactivity in air — Radiation Alert Network, 1962-September 1968 
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2. Canadian Air and Precipitation Monitoring 
Program, September 1968 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations are 
located at airports (figure 3), where the sam- 
pling equipment is operated by personnel from 
the Meteorological Services Branch of the De- 
partment of Transport. Detailed discussions of 
the sampling procedures, methods of analysis, 
and interpretation of results of the radioactive 
fallout program are contained in reports of the 
Department of National Health and Welfare 
(2-6). 

A summary of the sampling procedures and 
methods of analysis was presented in the April 
1968 issue of Radiological Health Data and 
Reports. 





1 Prepared from information and data in the October 
1968 monthly report “Data from Radiation Protection 
Program,” Canadian Department of National Health 
and Welfare, Ottawa, Canada. 


Surface air and precipitation data for Sep- 
tember 1968 are presented in table 2. 


Table 2. 


Canadian gross beta radioactivity in surface 
air and precipitation, September 1968 


| 





Air surveillance gross 
beta radioactivity 


Precipitation 
(pCi/m?) 


| measurements 
“a | | 

Station | Average! Total 

concen- | depo- 

Mini- | Average | trations | sition 

mum | (pCi/ (nCi/ 

iter) m?) 





Coral 

Harbour 
Edmonton 
Ft. Churchill_-- 


Ft. William ---- 
Fredericton - - - - 
Goose Bay----- 
eee 


_ 


wrrvery 


| 
| 
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Montreal 
Moosonee - - - - -| 
Ottawa 


NNwe 


= = hD 
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Saskatoon ---___| 
Sault Ste. 


Toronto 
Vancouver-_---- 


+1 
-2 
-0 
-7 
+2 
-8 
5 
7 
+7 
-5 
-4 
-9 
-8 
+2 
-0 
+2 
-9 
-6 
-6 
-0 
-5 
-0 
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summary - - -- 
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Figure 3. Canadian air and precipitation sampling stations 
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3. Pan American Air Sampling Program 
September 1968 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the U.S. Public Health Service (PHS) to 
assist PAHO-member countries in developing 
radiological health programs. 

The air sampling locations are shown in fig- 
ure 4. Analytical techniques were described in 
the January 1968 issue of Radiological Health 
Data and Reports. The September 1968 air 
monitoring results from the participating coun- 
tries are given in table 3. The average concen- 
tration of gross beta radioactivity in all of the 
countries has decreased from the levels observed 
in August, but remain somewhat above pre- 
August levels. 
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Figure 4. Pan American Air Sampling Program stations 
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Table 3. 


Summary of gross beta radioactivity in Pan 
American surface air. September 1968 


Gross beta radioactivity 
. Number (pCi/m?) 
Station location of shad 


samples 


Maximum | Minimum Average* 


Argentina: 
Buenos Aires_ 
Bolivia: 
La Paz 
Chile: 
Santiago__ 
Colombia: 


West Indies: 
Co! ee 





Pan American 
summary - 


* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi /m? are reported 
and used in averaging as 0.00 pCi/m? 

NS, no samples received. 





4. Plutonium in Airborne Particulates and 
Precipitation, January—March 1968 


Bureau of Radiological Health 
U.S. Public Health Service 


The Radiation Alert Network (RAN) of the 
Bureau of Radiological Health, Public Health 
Service, routinely analyzes airborne particulate 
and precipitation samples from selected RAN 
stations for plutonium. The airborne particulate 
and analyses was initiated in November 1965 
and August 1966, respectively. The results 
through December 1967 have been previously 
reported (7-14). 

Air filters from 11 RAN stations are an- 
alyzed for plutonium. A monthly composite is 
made of one-half of each individual air filter 
from the 11 stations and sent to the PHS 
Northeastern Radiological Health Laboratory 
(NERHL) for analysis. Eight RAN stations 
submit complete collections of precipitation 
for plutonium analysis. An 8-liter (or what- 
ever is available) aliquot of the monthly col- 
lection of each of the 8 stations is forwarded 
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Table 5. Plutonium in airborne particulates, January-March 1968 





Buffalo Gastonia | Rockville Pierre 





New 


Austin Denver (Anchorage | Phoenix Honolulu | Seattle 


Orleans 


Plutonium-238 
(fCi/m?) 
January........._- 
February_...._._.- 
March 


Plutonium-239 
(fCi/m?) 
a 
February______-_- E 
March 


Plutonium-239/ 
plutonium-238 


March 





NS, no sample. 


to the NERHL for analysis. The analytical 
methodology for processing these samples is 
described in the December 1968 issue of Radio- 
logical Health Data and Reports (14). 

The results for January through March 1968 
are presented in tables 5 and 6. ND (not de- 
tectable) has been used to indicate samples con- 
taining plutonium-238 or plutonium—239 activi- 
ties less than or equal to the appropriate mini- 
mum detectable activities (0.020 pCi and 0.015 
pCi per sample for plutonium—238 and pluton- 
ium-—239, respectively). Sample size varies, gen- 
erally ranging from 20,000 to 30,000 cubic 


Table 6. Plutonium-239 in precipitation, January-March 1968* 


meters of air for the air filter samples, and from 
2 to 8 liters for the precipitation samples. 

The data for plutonium-—238 in precipitation 
have not been included in table 6 since the 
majority of the analyses produced results less 
than the minimum detectable concentration. 
The only exceptions were the February samples 
for Austin, Tex., and Honolulu, Hawaii, as 
follows: 


Depth 
(mm) 


Austin __. 43 
Honolulu __ 22 


Concentration 
(pCi/liter) 


0.0039 
0.0217 


Deposition 
(pCi/m?) 


0.17 
0.48 








| Gastonia | Rockville | Pierre 
| 


New | 
Orleans 


Austin Denver | Honolulu Seattle 





Precipitation depth | 
(mm) | 
January 
February 
SS 


Concentration 
(pCi/liter) 
RS 
Deposition 
0.23 
1.44 





® The basic finding is the concentration (pCi/liter). This figure is multiplied by the depth of precipitation for the 
month (mm) to obtain the total deposition (pCi/m*). One liter of water is collected when 1 mm of precipitation falls 


on l-square meter 
NA, no analysis. 
ND, nondetectable. 
NS, no sample. 
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SECTION IV. 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. In- 
cluded here are such data as those obtained from 


OTHER DATA 


human bone sampling, bovine thyroid sampling, 
Alaskan surveillance and environmental moni- 
toring around nuclear facilities. 


Environmental Levels of Radioactivity at Atomic Energy Commission 


Installations 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major AEC installations. The re- 
ports include data from routine monitoring 
programs where operations are of such a na- 
ture that plant environmental surveys are 
required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by AEC’s Division of Operational 
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Safety in directives published in the AEC 
Manual.! 

Summaries of data from the environmental 
radioactivity monitoring reports follow for the 
Portsmouth Area Gaseous Diffusion Plant and 
the Savannah River Plant. 





1Title 10, Code of Federal Regulations, Part 20. 
“Standards for Protection Against Radiation,” contains 
essentially the standards published in Chapter 0524 of 
the AEC Manual. 





1. Portsmouth Area Gaseous Diffusion Plant * 
January-June 1968 


Goodyear Atomic Corporation 
Piketon, Ohio 


The separation of uranium isotopes by the 
gaseous diffusion process presents control prob- 
lems similar to any chemical process using toxic 
solvents and extraction solutions. Natural uran- 
ium and thorium—234 are the most likely radio- 
nuclides to be released to the environment by 
the Portsmouth Area Gaseous Diffusion Plant. 
To verify the effectiveness of plant controls, en- 
vironmental monitoring is conducted for evi- 
dence of alpha particle, beta particle, and 
gamma-ray emitters. 

Air samples are generally collected monthly 
at 21 sites located from 1 to 6 miles from the 
plant as shown in figure 1. Monthly water sam- 


2 Data cummarised from B. Kalman and S. H. Hulett, 


“Environmental Radiation Levels and Concentrations, 


First Half 1968” (August 19, 1968). 


ples are collected at 13 stations within 5 miles 
of the plant. 

For January-June 1968, the waterborne 
beta-gamma radioactivity, airborne alpha and 
beta-gamma radioactivity and the background 
exposure remained essentially unchanged com- 
pared with the 1967 results. The waterborne 
alpha radioactivity increased slightly for Janu- 
ary—June 1968. However, the overall results 
for alpha radioactivity in water equaled only 
0.13 percent of the AEC _ concentration 
standards. 

Average background dose rates remained un- 
changed from the first half 1967 values. In the 
calculations it is assumed that all of the dose 
rates are attributable to plant operations. As in 
the past, the offsite and onsite patterns are very 
much alike in form and intensity with no sig- 
nificant differences between the average values. 
From the onsite and offsite intensities, it is 
evident that the plant operations have not added 


appreciably to the general background radia- 
tion. 
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Figure 1. Sampling locations, Portsmouth Area Gaseous Diffusion Plant 
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Average alpha and beta-gamma radioactivity 
concentrations in air and water are summar- 
ized in table 1. The external gamma-ray levels, 
measured at the air sampling locations shown 
in figure 1, are also summarized in table 1. 
The overall average concentrations and back- 

Table 1. 


Environmental radioactivity, Portsmouth 
Plant, January-June 1968 





| Average 
Number | | asa 
Type of of Maximum | Minimum | Average | percent 
monitoring samples | of AEC 
| | stand- 
} ard® 
} 








radioactivity, 

pCi/m* : 0.4 
Beta-gamma 

radioactivity, 


<0.1 


2.5 <0.1 


Air: | 
Alpha | 

| 

| 

| 


Water: 

Alpha 
radioactivity, 
pCi/liter __-_- ; of 26.3 -13 

Beta-gamma 
radioactivity, 
pCi/liter 54 53.9 | .27 








Background dose | 
rates>, mrad/hr_ 126 | 





-022 -014 | 16.8 





* The applicable AEC radiation protection standards are as follows: 

Air (alpha radioactivity) 2 pCi/m* 

Air (beta-gamma radioactivity) 1 x 10° pCi/m* 

Water (alpha radioactivity) 2 x 104 pCi/liter 

Water (beta-gamma radioactivity) 2 x 104 pCi/liter 

External beta-gamma radioactivity 0.5 rem/yr (approx. 0.6 mrad/hr) 

b Measurements were made with an open-shield Gieger-M ueller tube 1 foot 
above ground. The 3-foot rate (not shown) was experimentally determined 
to average two-thirds of the 1-foot rate and was used to determine the per- 
cent of the AEC standard. 


ground exposure rates for 1967 and January— 


June 1968 are presented in table 2 as percent 
of standards. 


Table 2. Comparison of average concentrations 
Portsmouth Plant, 1967 and 1968 





Percent of AEC standard* 





Type of monitoring 
| year 





Air 
Alpha radioactivity - 
Beta-gamma 
radioactivity - - _- - --- 


Water 
Alpha radioactivity 
Beta-gamma 
radioactivity - - -- 


Background exposure ex- 
trapolated to 3 feet above | 
ground level_.____-_- | 








® See footnote (a) of table 1 


Recent coverage in Radiological Health Data and Re- 
ports: 


Period Issue 


January 1968 
July 1968 


January-June 1967 
July-December 1967 





2. Savannah River Plant * 
January-June 1968 


E. I. duPont de Nemours 
Aiken, South Carolina 


The Savannah River Plant (SRP), built and 
operated for the Atomic Energy Commission 
by E. I. duPont de Nemours and Company, oc- 
cupies an area of 312-square miles along the 
Savannah River, 22-miles downstream from 
Augusta, Ga. Production facilities include a fuel 
preparation area, three reactors, two fuel sep- 
aration areas, and a heavy water production 
plant. A basic goal in plant operation is total 
containment of radioactive waste. Although 
some very low-level gaseous and liquid wastes 
are discharged to the environment in controlled 
releases, dispersal is adequate to ensure envi- 





3 Summarized from “Effect of the Savannah River 
Plant on Environmental Radioactivity, Semiannual Re- 
port, January-June 1968” (DPST 68-30-2). 
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ronmental concentrations below recommended 
guides. 

The DuPont environmental monitoring group 
has maintained a continuous monitoring pro- 
gram since 1951 (before plant startup) to 
determine the concentrations of radioactive ma- 
terials in a 1,200-square mile area outside the 
plant. Included in this area are parts of Aiken, 
Barnwell, and Allendale counties in South Caro- 
lina, and Richmond, Burke, and Screven coun- 
ties in Georgia. This surveillance determines 
the magnitude and origin of any radioactivity 
above natural levels. Measured concentrations 
of radionuclides in air, water, and milk, are 
compared with the maximum permissible con- 
centrations (MPC) recommended by the Inter- 
national Commission on Radiological Protection 
(ICRP), or the daily intake guides recom- 
mended by the Federal Radiation Council 
(FRC). 
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Figure 2. Environmental sampling locations, Savannah 
River Plant 


Sensitive 


instruments, which can detect 


traces of radioactive materials far below con- 
centrations of hazard significance, are used to 
determine radioactivity in the environs. Plant- 
released radioactivity and atmospheric fallout 


are included in the reported concentrations. 
Maximum and minimum values given are for 
individual samples collected during the report 
period. 


Atmospheric monitoring 


Concentrations of radioactive materials in the 
atmosphere were measured by biweekly an- 
alyses of air filters collected at five monitoring 
stations near the plant perimeter and 10 sta- 
tions around a circle of about 25-mile radius 
from the center of the plant (figure 2). Deposi- 
tion rates of radioactive material at each station 
were also determined by monthly analyses of 
rainwater ion exchange columns (fallout collec- 
tors). The monitoring stations are spaced so 
that a significant release of airborne radioactiv- 
ity by the Savannah plant would be detected 
regardless of the prevailing wind. All stations 
operate continuously. Four additional monitor- 
ing stations at Savannah and Macon, Ga., and 
at Columbia and Greenville, S. C., are so distant 
from the plant that the effect of Savannah River 
Plant operations is negligible; they are refer- 
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Figure 3. Distant air monitoring stations, Savannah 
River Plant 


ence points for determining background radio- 
activity levels (figure 3). This system permits 
comprehensive surveillance of atmospheric 
radioactivity and also makes it possible to dif- 
ferentiate between weapons test fallout and 
Savannah River Plant releases. 

The small amount of filterable beta radioac- 
tivity released to the atmosphere, primarily 
from fuel separation areas, was obscured by 
fallout. The influence of the weapons tests which 
resumed in September 1961 is shown in figure 
4. The rise in early 1964 was the result of the 
anticipated spring increase in the mixing of the 
stratospheric debris into the troposphere. The 
average beta radioactivity concentration in air 
increased from 0.03 to 0.15 pCi/m* during Jan- 
uary—June 1968. 

Radioactivity in air, determined from filter 
analyses, is shown in table 3. The January—June 
1968 concentrations of filterable beta radioac- 
tivity (0.15 pCi/m*) and alpha radioactivity 
(0.0008 pCi/m*) in air were 0.15 and 1.1 
percent of the respective MPC’s. Tritium oxide 
concentrations in air, at the plant perimeter 
and at the 25-mile stations, did not exceed 0.1 
percent of the MPC. 

Deposition of fallout during January—June 
1968 totaled 21 nCi/m? at the plant perimeter 
locations and 17 nCi/m? at 25-mile radius loca- 
tions; comparable values for the last half of 
1967 were 1.2 and 1.0 nCi/m?. Deposition at 
each sampling location is presented in table 4. 
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Figure 4. Influence of weapons tests 


Table 3. Radioactivity in air, Savannah River Plant, January-June 1968 





Average concentrations 
(pCi/m') 





Filter analysis | 25-mile radius locations 





dale well | Field | ley Sardis| nes- | iston 
| boro | 





Alpha particle emitters* 
(multiply by 10~) 
aximum ea 


Average 





Nonvolatile beta-particle 
emitters> 
aximum - 
Minimum... 


























Composite sample 
Specific radionuclides 
(averages) 

Strontium-89, —90 
Cesium-137 -_ - - - - pgticsibnsig 
Cerium-141, -144 
Zirconium-niobium-95- - - - 
Ruthenium-103, —106 - - - - 


Beryllium:—7 __ : 





* Sensitivity of analysis—3.0 x 10-* pCi/m?; ICRP Maximum Permissible Concentration: 0.07 pCi/m?. 
> Sensitivity of analysis—0.006 pCi/m*; ICRP Maximum Permissible Concentration: 100 pCi/m?. 
ND, nondetectable, less than sensitivity of analysis. 


Table 4. Total fallout deposited, Savannah River Plant, January-June 1968 





Deposition 
(nCi/m?) 


Radionuclide 
Plant perimeter locations 25 mile radius locations 
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Alpha® _ _ - - , 
Strontium—89--_- 
Strontium—90___- 
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Beryllium-7 ___ _- _-- 
Ruthenium-106___- 
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* Multiply by 10-2. 
ND, nondetectable, less than sensitivity of analysis. 
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Algae and fish in Savannah River 

Fish, predominantly bream, and indigenous 
algae, primarily green (Vaucheria) and blue- 
green (Phormidium), were collected weekly up- 
stream from, adjacent to and downstream from 
the Savannah River Plant. Determination of 
radionuclides in algae is important because 
algae concentrate certain radionuclides and also 
because of the role of algae in the food chain of 
aquatic organisms. Beta-particle concentrations 
in algae and fish adjacent to and downstream 
from SRP indicate some minor contribution by 
SRP. Although measurably higher than similar 
material collected at the control station 3-miles 
upstream from the Savannah River Plant, the 
slight increase is of no biological significance. 

Specific radionuclide analyses were made on 
algae and fish collected from the Savannah 
River. Radiocesium and radiostrontium were 
found consistently in river algae; whereas, 
cerium-141,-144, chromium-—51, zirconium- 


niobium-95, manganese—54, zinc-65, and co- 
balt-60, were detected less frequently. Also, 
radiostrontium (maximum, 18 pCi/g, wet 
weight) was detected in bone tissue of river 
fish, and radiocesium (maximum 31 pCi/g, wet 
weight) was detected in the flesh tissue. Phos- 
phorus—32 was detected less frequently in these 
tissues. The maximum concentrations of phos- 
phorus—32 detected in bone and flesh tissues of 
river fish was 36 pCi/g; phosphorus—32 in flesh 
tissue was less than the sensitivity of analysis 


(2 pCi/g). 


Water monitoring 


The plant site is drained by five streams that 
flow several miles through the reservation be- 
fore reaching the river (figure 5). In January 
1965, the Beaufort-Jasper Water Authority be- 
gan operation of a new treatment facility to 
furnish drinking water, partially supplied from 
the Savannah River, 


to most of Beaufort 





LEGEND 


FUEL PREPARATION AREA 
REACTOR AREA 
SEPARATIONS AREA 


HEAVY WATER PRODUCTION PLANT 





SOUTH CAROLINA 








Figure 5. SRP production and effluent steams 
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County, South Carolina. Water is supplied 
through a new canal from the river at a loca- 
tion about 90 miles below the Savannah River 
Plant. The city of Savannah also supplements 
its domestic well water supply with river water 
during periods of peak demand. 

Communities near the plant get domestic wa- 
ter from deep wells or surface streams. Public 
water supplies from 14 surrounding towns were 
collected and analyzed in April. There was no 
evidence that SRP contributed radioactivity to 
drinking water supplies; concentrations of 
alpha radioactivity (1.0 pCi/liter) and beta 
radioactivity (6 pCi/liter) were essentially the 
same as those observed before plant startup. 

River water, analyzed weekly, was sampled 
continuously at four locations, as shown in fig- 
ure 5. Average concentrations of specific radio- 
nuclides found in river water during January— 
June 1968 appear in table 5. 


Table 5. Average concentration of radionuclides in 
Savannah River water, January-June 1968 








Concentration 
(pCi /liter) 


Radionuclide | | 
| Control 
Sensitivity | (3 miles MPC at 
of analysis | upstream | (10 miles Highway 
from downstream 301 


Percent 


Highway 
301 


Tritium -_-- anaes 
Ruthenium-103, -106_ 
Cerium-141, -144_____ 
Cesium-134, -137-_ - - 
Neptunium-239__ 
Barium-lanthanum- 
140 
Zirconium-niobium-95 - 
Chromium-51 - - - 
Strontium-89 _- 
Todine-131 - 
Strontium-90_ - 
Cobalt-60__ 
Zinc-65_ - - 
Manganese-54_ 
Sulfur-35-_-.___-- 


= 





She howe KUL 





ND, nondetectable, less than sensitivity of analysis 





Tritium, sulfur—35, and trace amounts of 
cesium—137, chromium-—51, strontium-89, and 
strontium-90, released mainly from reactor 
areas, were the radionuclides of SRP origin de- 
tectable in river water at the downstream loca- 
tion. Strontium-90 and tritium from worldwide 
fallout were also detected in river water up- 
stream from the Savannah plant. The tritium 
concentrations in raw water collected from the 
Beaufort-Jasper Water Plant averaged 5,000 
pCi/liter (0.2 percent of the MPC) during the 
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6-month report period. The annual radiation 
dose of an individual in this population from 
the consumption of water containing the very 
low concentration of tritium is only 0.4 mrem. 
The radiation dose was determined by analysis 
of urine (38 samples) collected from Beaufort 
residents during January—June 1968. 

Tritium, a beta-particle emitter and the most 
abundant radionuclide released to the river, is 
produced by neutron irradiation of heavy-water 
moderator in the reactors. Sulfur-—35, also a 
beta-particle emitter and the second most abun- 
dant radionuclide released to the river, is pro- 
duced by neutron irradiation of stable sulfur (a 
component of the ion exchange resin used in the 
moderator-purification system in reactor areas). 
The tritium and sulfur—35 concentrations in 
river water averaged 0.31 and 0.05 percent of 
the MPC, respectively. 


Vegetation 


Radioactive contamination of growing plants 
may result from deposition on foliar surfaces 
or absorption of radioactive materials from the 
soil. 

Grass samples were collected at seven loca- 
tions along the plant perimeter and at seven 
other locations along a 25-mile radius route. 
(These are not designated on figure 2). Samples 
from each quadrant of the plant site and of 
the surrounding area were composited for 
monthly analysis. Radionuclides in grass sam- 
ples were from fallout. Alpha-particle emitters 
averaged 0.2 pCi/g at the plant perimeter and 
25-mile radius locations as compared to 0.1 
pCi/g during the last half of 1967; gamma-ray 
emitters averaged 21 and 31 pCi/g, respec- 
tively, as compared to 4.8 and 5.3 pCi/g for the 
last half of 1967. 


Milk 


Milk was sampled at three dairies within a 
25-mile radius of the Savannah River Plant, as 
shown in figure 2. Samples which were collected 
biweekly were analyzed for tritium and radio- 
iodine. Strontium—90 determinations were made 
quarterly. Milk produced in the area and sold 
by major distributors was also analyzed for 
these radionuclides. Results from analyzing 
milk for radioactivity during January—June 
1968 are shown in table 6. 





Table 6. Radioactivity in milk from local dairies 
Savannah River Plant, January-June | 1968 
Concentration 


(pCi/liter) 





Distributing | 
points 


Mini- | Aver- ‘March June \Maxi- | Mini- | Aver- 
| mum| mum| age 


WwW aynesboro - “ 
Major dis- 
tributors4___ 








® Sensitivity of analysis—3,000 
b Sensitivity of analysis—1.0 pCi/liter. 

¢ Sensitivity of 1 P- .0 pCi/liter. 

4 Milk produced in local dairies, but sold by major distributors. 
ND, nondetectable, less than sensitivity of analysis. 


i/liter 


Average concentrations of the radionuclides 
in milk (17 pCi/liter for strontium-90 and <5 
pCi/liter for iodine-131, compared to 12 and 
<5 pCi/liter, respectively, during the last half 
of 1967) were consistent with values reported 
by the U.S. Public Health Service for most sec- 
tions of the United States. Tritium in local milk, 


_ Table 7 ae 


Filter Analysis Plant ute locations 


B Cc 


D E 


| Aver- | 


Maximum_-_-__- , 
Minimum -- 


0.20 | 0.20 | 0.28 | rit 
mi a 
Average _ . . ‘ ana « ‘s | -19 


-06 
-16 


| 
| | 
em —|—_—-. nee oes TE 
| 
mah, 


07 | 
-21 | 0.19 
| 


Aiken | Aiken 
age eure eed dale 


when present, is assumed to be associated with 
plant operations. The average tritium level was 
less than the sensitivity of the analysis, which 
allows detection of concentrations of 3,000 pCi/ 
liter (<0.1 percent of the MPC for water). 


Environmental gamma radiation levels 


Monthly measurements of environmental 
gamma radiation were made with thermolumi- 
nescent dosimeters. The January—June 1968 
data (shown in table 7), are characteristic of 
measurements observed at individual stations 
for the past several years. 


Recent coverage in Radiological Health Data and Re- 
ports: 


Period Issue 


February 1968 
June 1968 


January-June 1967 
July—December 1967 


_Environmental gamma radiation, Savannah River Plant, January-June 1968 


imBeday) 


25-mile radius locations 


Allen-| Barn- | Bush | Lang- Sardis| 4 a] wa-| Hwy | —_ 
‘ well I | Field | bana boro iston | 301 | age 


— 
0.33 | 0.23 | 0.23 | 0.43 | 0.44 | 0.29 | 0.39 | 0.31 | 0.28 | 
08 -09 -07 -04 -09 | .07 
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Erratum 


The June 1968 data for the Mexican Air 
Monitoring Network presented in the October 
1968 issue of Radiological Health Data and Re- 


ports, pp. 575-576, is incorrect. The correct data 
will be presented in the February 1969 issue. 
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Reported Nuclear Detonations, December 1968 


The U.S. Atomic Energy Commission an- 
nounced three underground nuclear tests for 
the month of December 1968. 

On December 8, 1968, the Atomic Energy 
Commission conducted a nuclear cratering ex- 
periment at its Nevada Test Site. The experi- 
ment was part of the Commission’s Plowshare 
program to develop peaceful uses of nuclear 
explosives. 

The experiment consisted of the detonation 
of a minimum-fission nuclear explosive with a 
yield of about 35 kilotons (equivalent to 35,000 
tons of TNT). The explosion took place at a 
depth of 350 feet underground in hard rock and 
preliminary estimates indicated that it resulted 
in a crater with a diameter of about 850 feet 
and a depth of about 200 feet. 

The experiment, called Project Schooner was 
part of the AEC’s program to develop nuclear 
excavation technology and will provide infor- 
mation about cratering effects in hard rock. 
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December 12, 1968 a nuclear test of low yield 
(less than 20 kilotons TNT equivalent) was 
conducted underground at the Nevada Test Site. 

The U.S. Atomic Energy Commission an- 
nounced that they conducted a nuclear test of 
about a megaton in yield on December 19, 1968. 

Detection of a Soviet nuclear test was an- 
nounced by the U.S. Atomic Energy Commis- 
sion on December 18, 1968. Seismic signals 
originating from the Soviet nuclear test area in 
the Semipalatinsk region were recorded. The 
signals were equivalent to those of a nuclear 
test in the low yield range (less than 20 kilo- 
tons TNT equivalent) . 

Also, on December 27, 1968, the Atomic En- 
ergy Commission detected a nuclear explosion 
in the general area of the Chinese nuclear test 
site at Lop Nor. Preliminary estimates indi- 
cated a yield of approximately 3 megatons TNT 
equivalent. 








SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


RADIATION DOSES TO CHILDREN’S THYROIDS FROM IODINE- 
131 IN MILK. Robert N. Neill and Paul B. Robinson. Radiological Health 
Data and Reports, Vol. 10, January 1969, pp. 1-9. 


Measurements of idoine-131 in milk taken since 1957 were used to 
estimate the average cumulative radiation doses to children born and living 
in selected U.S. cities. The cumulative doses were summed for a cohort 
(born in a particular year and city) from quarterly doses calculated by 
varying thyroid weight, uptake factor, and milk consumption, as a function 
of the age of the child and concentrations of iodine-131 in milk as a func- 
tion of time and location. Average values of these variables were selected 
for each quarter. 

For a given concentration of iodine-131 in milk, the population receiv- 
ing the greatest dose are milk-drinking infants of 6 to 11 months of age. 
Considerable variation was found to exist in cumulative doses for children 
raised in different cities. Within a particular city, there is a large variation 
in thyroidal doses for children born in different years. 

The largest doses were 1,750 mrem and 1,625 mrem, received by chil- 
dren born in 1957 in St. Louis and Salt Lake City. At the time of the ces- 
sation of weapons testing in 1963, the average child of 6 years of age in 
four of the five U.S. cities where data are available had received man-made 
cumulative thyroidal doses greater than his cumulative natural dose. Be- 
cause of the relative absence of iodine-131 in the environment for the past 
4 years, the children of today whose cumulative fallout exposure exceed 
their natural background exposure are those born in 1957 in Cincinnati, 
Salt Lake City and St. Louis. From the results obtained from these three 
out of five cities for which data are available, it is apparent that children 
born in 1957 in Cincinnati, Salt Lake City, and St. Louis, and possibly in 
some other unmonitored areas of the United States, have cumulative thy- 
roidal doses from iodine-131 following atmospheric weapons tests greater 
than their cumulative natural background doses, but less than the cumu- 


lative dose at an annual dose rate equal to the Radiation Protection Guide 
(RPG) during the same period. 


KEYWORDS: children, doses, idoine-131, milk, thyroids, United States. 
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